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Abstract
Background: To examine the prevalence of lifestyle diagnosis codes recorded in the Danish National Registry of
Patients (DNRP).
Methods: We identified all hospital contacts in Denmark 1999–2012 with a diagnosis of overweight, obesity,
physical inactivity, current tobacco smoking, and/or excessive alcohol consumption. We computed the annual
prevalence per 1000 hospital contacts of these diagnoses overall and by baseline characteristics.
Results: Among 56,665,048 hospital contacts, the overall prevalence of recording per 1000 hospital contacts was
4.87 for a diagnosis of obesity, 2.36 for overweight, 2.90 for smoking, 0.39 for excessive alcohol consumption, and
0.47 for physical inactivity. Between 1999 and 2012, marked increases were noted for the prevalence of recorded
obesity (30-fold, from 0.26 to 8.02), smoking (26-fold, from 0.18 to 4.88), and overweight (14-fold, from 0.23 to 3.52).
Diagnosis coding of excessive alcohol consumption and physical inactivity remained at a very low level. The
prevalence of recorded lifestyle risk factors varied substantially according to geographical regions, type of hospital
contact, patient age, sex and underlying disease. In 2012, the prevalence of codes for obesity were highest among
patients with diabetes (15.64 per 1000), COPD (12.95 per 1000), and congestive heart failure (11.24 per 1000). Codes
for smoking were prevalent among patients with COPD (14.11 per 1000), liver disease (12.68 per 1000), and
peripheral vascular disease (8.52 per 1000).
Conclusion: Despite increasing prevalence of adverse lifestyle risk factors recorded in the DNRP, the much higher
prevalence of similar lifestyle risk factors in health surveys suggests that the completeness of coding in the DNRP
remains poor.
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Background
During the last decades, the global disease burden has
shifted from communicable to noncommunicable dis-
eases including cardiovascular diseases, diabetes, can-
cers, and chronic respiratory diseases [1]. Worldwide,
noncommunicable diseases were responsible for 54 % of
all disability-adjusted life years [2] and 65 % of all deaths
in 2010 [3]. Smoking, excessive alcohol use, unhealthy
diet, and physical inactivity/obesity are the “big four”
modifiable risk factors of this epidemic of noncommu-
nicable diseases [4]. Therefore, strategies for prevention
include lifestyle modification and adoption of healthy
behaviors. In this context, physicians can play an import-
ant role through raising awareness and providing advice
to patients with unhealthy behaviors. Nonetheless, prior
studies suggest that physicians generally counsel only a
minority of patients [5–8].
According to Hospital Accreditation Standards in
Denmark and elsewhere, all inpatients and outpatients
should be screened with regard to unhealthy lifestyle fac-
tors and offered intervention if their adverse lifestyle
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may influence treatment outcome or otherwise pose a
risk for the patient [9]. Yet, it is unclear whether such
screening actually occurs at hospitals and to which ex-
tent the results are recorded in hospital patient registries
over time. Documentation of life style risk factors is im-
portant in order to provide continuity in care and to fa-
cilitate awareness of these factors during transitions of
patient care. Therefore, we examined the prevalence of
hospital contacts with a recorded diagnosis code for
overweight, obesity, physical inactivity, tobacco, or alco-
hol consumption in the Danish National Registry of Pa-
tients (DNRP) from 1999 through 2012 and assessed
whether this registration varied across Denmark’s geo-
graphical regions, by type of hospital contact, and ac-
cording to patient age, sex, and underlying disease.
Methods
Setting and study population
Denmark has 5.6 million inhabitants, and the National
Health Service provides universal tax-supported health
care for all residents, including free access to primary
care and hospitals. The country is divided into five re-
gions which have the main responsibility for the
provision of public hospital services – both somatic and
psychiatric hospitals. Since 1977 the DNRP has tracked
each hospital admission in Denmark and recorded dates
of admission and discharge and up to 20 discharge diag-
noses. The registry covers 99.4 % of all discharge records
from Danish hospitals [10]. It allows for one principal
diagnosis code given to the condition that prompted the
patient’s admission and the main condition responsible
for the completed diagnosis and treatment course and
up to 20 secondary codes. The secondary diagnoses are
given to conditions that coexist at the time of hospital
admission or that develop during the hospital stay with
no information as to which disease occurred first. The
diagnoses are coded by physicians using the Danish ver-
sion of the International Classification of Diseases, 8th
revision (ICD-8) (1977–1993) and 10th revision (1994
onward). Since 1995, visits at hospital outpatient clinics
and emergency rooms have been recorded in addition to
the inpatient hospital stays.
Assessment of lifestyle risk factors
Data for this study were obtained for the period from
1999 through 2012. We identified all inpatient and out-
patient hospital contacts with a recorded ICD-10 code
for overweight, obesity, smoking, excessive alcohol con-
sumption, and physical inactivity in the DNRP. Informa-
tion on the patient’s lifestyle risk factors are usually
obtained by physicians or nurses through patient inter-
view and examination at the time of hospital admission.
In 2005, the Danish National Board of Health initiated a
project aiming to strengthen the prevention of lifestyle-
related diseases through systematic registration of lifestyle
risk factors [11]. In relation to this project, additional
codes for recording of lifestyle risk factors were imple-
mented along with a list of clinical questions and defini-
tions for the individual risk factors in order to guide
physicians and nurses when obtaining this information.
Statistical analysis
We computed the prevalence of all contacts (e.g., patients
could be included in both the numerator and denominator
more than once) with one or more of these codes recorded
either as primary or secondary diagnoses per 1000 hospital
contacts. We computed the prevalence overall and accord-
ing to study year, health care region, contact type (inpatient
vs. outpatient), age, gender, and underlying disease defined
as the principal discharge diagnosis recorded in the DNRP.
We assessed the recording of lifestyle risk factors in rela-
tion to the following underlying diseases: Myocardial in-
farction, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, chronic obstructive pul-
monary disease (COPD), diabetes, cancer, and liver disease.
These diseases were chosen because they are strongly asso-
ciated with the examined lifestyle risk factors. We would
therefore expect one or more of the lifestyle risk factors to
be prevalent in patients with these underlying diseases. To
examine to which extent lifestyle risk factors were coded at
first hospital contacts, we further restricted the analyses to
patients with no hospital contacts within 10 years preced-
ing the date of index admission. The ICD-10 codes used in
the study appear in Additional file 1: Table S1. Analyses
were performed using Statistical Analysis Software (v 9.2;
SAS Institute, Inc, Cary, NC, USA).
Results
From 1999 through 2012, 56,665,048 hospital con-
tacts occurred among 6,664,495 individual patients
in Denmark, of which 39,244,611 (69 %) were out-
patient clinic contacts and 17,420,437 (31 %) were
inpatient hospitalization contacts.
Figure 1 shows the annual prevalence of lifestyle risk
factors recorded in the DNRP per 1,000 hospital con-
tacts overall (Fig. 1a) and for first-time contacts in
10 years (Fig. 1b). As appears, obesity was by far the
most frequently diagnosed lifestyle risk factor with a
marked 30-fold increase over time from 0.26 per 1,000
contacts in 1999 to 8.02 in 2012. This increase was par-
ticularly steep between 2003 and 2007, with an 8-fold in-
crease from 0.86 per 1000 contacts in 2003 to 7.88 in
2007. Over the study period, we also noted a 26-fold in-
crease in the diagnosis coding of smoking (from 0.18 to
4.88 per 1000 contacts) and a 14-fold increase in the
coding of overweight (from 0.23 to 3.52 per 1000 con-
tacts). Similar to obesity, the increase was steepest be-
tween 2003 and 2007. Thereafter, increases appeared to
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Fig. 1 Annual prevalence of codes for overweight, physical inactivity, smoking or excessive alcohol consumption in the Danish National Registry
of Patients per 1,000 hospital contacts overall (a) and for first-time contacts within 10 years, 1999–2012 (b)
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level off. In comparison, diagnosis codes for excessive al-
cohol consumption remained at a very low level around
0.40–0.50 per 1000 hospital contacts throughout the study
period. Codes for physical inactivity were infrequently
used but increased in the latter half of the study period
from 0.39 per 1,000 contacts in 2005 to 0.73 in 2011.
The presence of lifestyle risk factors was less fre-
quently recoded at first vs. subsequent hospital contacts
(Fig. 1b). For first contacts, the prevalence of obesity in-
creased by 36 fold (from 0.11 per 1000 in 1999 to 4.05
in 2012), overweight by 14 fold (from 0.18 to 2.63), and
smoking by 23 fold (from 0.14–3.32). For first contacts,
the increases did not level off after 2007.
Table 1 displays the prevalence of lifestyle risk factors
recorded in the DNRP in 2012 according to type of hos-
pital contact, geographical region, and patient age, sex and
underlying disease. Most lifestyle factors were coded twice
as often at inpatient than outpatient contacts. Overall, the
prevalence of diagnosis coding varied by geographical re-
gion. In 2012 for instance, the prevalence of codes for
obesity varied from 3.31 per 1000 contacts in the North
Denmark Region to 21.37 per 1000 in Region Zealand.
The prevalence of codes for obesity was markedly higher
among females compared with males (10.76 per 1000 for
obesity and 4.98 per 1,000 for overweight among females
in 2012 vs. 4.22 and 1.50, respectively among males)
whereas the prevalence of excessive alcohol intake was
substantially higher among males (0.31 vs. 0.10 in females
in 2012). Smoking codes were only slightly more prevalent
among males (5.22 vs. 4.64 in 2012). For all lifestyle risk
factors, the prevalence of recording was highest among
adults below 50 years of age (Table 1).
Table 1 Annual prevalence of codes for overweight, physical inactivity, smoking, or excessive alcohol consumption in the Danish
National Registry of Patients per 1,000 hospital contacts in 2012
Obesity Overweight Smoking Alcohol consumption Physical inactivity
Overall 8.02 3.52 4.88 0.19 0.39
Type of contact
Outpatient 5.19 2.39 3.28 0.12 0.33
Inpatient 16.71 7.00 9.75 0.40 0.58
Health care region
Capital Region of Denmark 6.40 4.49 7.62 0.21 0.37
Region Zealand 21.37 4.93 4.64 0.14 0.04
Region of Southern Denmark 7.28 4.45 4.61 0.16 0.05
Central Denmark Region 4.83 1.23 1.88 0.25 0.78
North Denmark Region 3.31 1.85 4.97 0.11 0.83
Age group
16–34 10.22 6.82 4.51 0.07 0.15
35–49 10.23 3.72 5.87 0.19 0.34
50–64 6.07 1.34 5.30 0.22 0.46
65–79 6.94 2.85 4.64 0.26 0.58
80+ 6.91 3.99 2.84 0.19 0.30
Sex
Female 10.76 4.98 4.64 0.10 0.36
Male 4.22 1.50 5.20 0.31 0.42
Underlying diseasea
Myocardial infarction 9.01 2.43 5.60 0.24 0.91
Congestive heart failure 11.24 3.15 5.55 0.45 0.41
Peripheral vascular disease 9.54 2.43 8.52 0.35 0.64
Cerebrovascular disease 7.81 2.80 5.81 0.40 0.34
Chronic obstructive pulmonary
disease
12.95 5.74 14.11 0.44 0.46
Diabetes 15.64 3.20 5.90 0.30 0.46
Cancer 6.59 2.23 4.82 0.20 0.41
Liver disease 8.73 2.06 12.68 1.15 0.25
aThe underlying disease is defined as the principal discharge diagnosis recorded in the Danish National Registry of Patients
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In 2012, codes for obesity were prevalent among pa-
tients with diabetes (15.64 per 1000), COPD (12.95 per
1000), and congestive heart failure (11.24 per 1000). Codes
for smoking were prevalent among patients with COPD
(14.11 per 1000), liver disease (12.68 per 1000), and per-
ipheral vascular disease (8.52 per 1000) (Table 1).
Discussion
Our findings demonstrate that the nationwide recording
of lifestyle risk factors in the DNRP is low but has in-
creased substantially over the last 15 years, in particular
for obesity, overweight, and smoking.
Our study design only allowed us to examine the re-
cording of lifestyle in the DNRP. The optimal study
would also examine sensitivity and specificity of the reg-
istrations, i.e., compared with a gold standard for pres-
ence or absence of each lifestyle factor in a given
patient. Our estimates may reflect both changes in the
actual prevalence of these lifestyle habits in the Danish
population and the physician’s changing use of the avail-
able codes. Recent survey data showed that 47 % of the
Danish general population are overweight and 14 % are
obese, 17 % smoke daily, 16 % are physical inactive to a
degree that may adversely affect their health, and 9 %
drink more than the latest recommended maximum
levels provided by The Danish Health and Medicines
Authority [12]. Thus, in comparison our estimates sug-
gest that the completeness of registration of lifestyle
habits in Danish hospitals is very low, not least because
patients with hospital contact with acute and chronic
diseases generally have a higher prevalence of unhealthy
lifestyle factors than the general population [13–15].
This low completeness is especially troubling given the
increasing prevalence of obesity, sedentary lifestyle, and
lifestyle related chronic noncommunicable diseases na-
tionally [16, 17]. For example, primary data show that
88 % of patients with newly diagnosed type 2 diabetes in
Denmark are either overweight or obese [18], compared
with 2 % of patients with diabetes coded with overweight
per DNRP contact in our study. Among patients with
COPD seen in Danish outpatient clinics, 33 % are known
to be active smokers and 64 % are former smokers [19],
compared with a prevalence of recorded tobacco smoking
in the DNRP in 2012 of only 14.11 per 1000 contacts
among patients with COPD in our study.
Systematic patient assessment and documentation is
important to ensure that risk factors are identified and
that all patients are offered relevant counselling and
intervention when needed. The documentation is vital to
inform subsequent investigations, treatment, care and
follow up [20]. The recording of lifestyle risk factors is a
simple means to ensure communication across the
health care system (e.g., when discharging a patient from
hospital with referral to primary care). Failure to record
and communicate information about a patient’s adverse
lifestyle at hospital level could in this context be seen as
a missed opportunity for ensuring continuity in care in
general and in risk factor management in particular. In
worst case, primary care physicians may perceive this
lack of attention to life style factors as an indication that
the hospital does not endorse risk-lowering interven-
tions. This could potentially have serious implications
since the primary care sector, due to the high population
reach [21] and the patients’ general acceptance of the
role of primary care providers in preventive care [22],
play a key role in implementing life style modifying in-
terventions. The Danish National Board of Health has
aimed at strengthening the prevention of lifestyle-related
diseases through systematic registration of overweight,
smoking, excessive alcohol use, and physical inactivity in
hospital medical records of hospitalized patients [11]. Sub-
sequently, the screening was also included in the Danish
accreditation standards, which have been mandatory at all
public hospitals since 2009 [9]. The increasing use of codes
for obesity, overweight, and smoking since 2003 may re-
flect these initiatives, although increases in the underlying
prevalence of e.g. overweight among patients with hospital
contacts may also have contributed. However, despite the
formal requirements and the existing knowledge on the
importance of lifestyle risk factors for treatment and prog-
nosis, systematic recording of lifestyle in the hospital set-
ting remain underutilized. A range of factors may explain
this phenomenon. First, the physician and hospital depart-
ment treating the patient may be reluctant to prioritize the
recording due to time constraints and existing demands
for recording of a widespread range of other data in rela-
tion to each patient contact. Second, the low priority given
to recording of lifestyle risk factors may be supported by
the fact that individual physician or hospital department
will not experience any immediate benefit from their ef-
forts. Third, there are no financial incentives to record the
information. A more complete recording in the DNRP will
require that these challenges are addressed, e.g., by ensur-
ing more simple and user-friendly IT systems and a revi-
sion of the hospital reimbursement system to take into
account individual patient characteristics such as adverse
lifestyle that may prolong hospital care, complicate treat-
ment, and ultimately influence patient outcomes.
We were unable to assess whether physicians, nurses,
or other caregivers actually had asked for lifestyle risk
factors and offered counseling to their patients, without
coding the presence of any lifestyle risk factor in the
DNRP. Since the early 2000s, the Danish health care au-
thorities have initiated continuous monitoring of the
quality of care provided by all Danish public hospitals to
patients with a number of important diseases, including
diabetes, COPD, heart failure, stroke, and cancer [23].
Nationwide clinical quality of care databases now exist
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for more than 60 different diseases and conditions in
Denmark [24]. At least 10–15 of these quality databases
systematically collect primary data on body mass index,
smoking, and alcohol intake for most (>80 %) of their
patients. The databases include patients with any hos-
pital contact with e.g. diabetes in the Danish Diabetes
Database for Adults [25], stroke in the Danish Stroke
Registry [26], and outpatients with COPD in the Danish
Clinical Register of COPD [19]. For a few of these condi-
tions (e.g. COPD outpatients, or patients with hip frac-
ture), selected lifestyle data are actually recorded directly
via codes in the DNRP. This fact likely explains the in-
creasing prevalence of e.g. diagnosis codes for tobacco
smoking observed in patients with COPD in our study.
For other conditions, the nationwide set-up with good
coverage of several lifestyle risk factors for the patients
in dedicated clinical databases illustrate the discrepancy
between the assessment of lifestyle risk factors in every-
day clinical practice, and the recording of this informa-
tion in the DNRP.
Conclusion
In conclusion, our study shows that – compared with
knowledge from population surveys and clinical quality
databases – the completeness of diagnosis codes for life-
style risk factors recorded in the DNRP is very low. Since
unhealthy and modifiable lifestyle risk factors are strong
determinants for the incidence and development of lead-
ing causes of morbidity and mortality, more complete data
on these factors should be a national health care priority
as it may assist in targeting preventive efforts.
Additional file
Additional file 1: International Classification of Diseases (ICD) and
treatment codes used in the study. (DOC 35 kb)
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MS and UHJ had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. Study concept
and design: MS, MN, SPJ, and RWT. Acquisition of data: UHJ and RWT. Statistical
analysis: UHJ. Interpretation of the results: MS, MN, SPJ, and RWT. Drafting of the
manuscript: MS. Critical revision of the manuscript for important intellectual
content: MN, SPJ, and RWT. Final approval of the version to be published: MS,
UHJ, MN, SPJ, and RWT.
Received: 31 August 2015 Accepted: 21 December 2015
References
1. De Cock KM, Simone PM, Davison V, Slutsker L. The new global health.
Emerg Infect Dis. 2013;19:1192–7.
2. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990–2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet. 2012;380:2197–223.
3. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the Global Burden of Disease Study.
Lancet. 2012;380:2095–128.
4. Global action plan for the prevention and control of noncommunicable
diseases 2013–2020. http://apps.who.int/iris/bitstream/10665/94384/1/
9789241506236_eng.pdf. Accessed August 20 2015.
5. Kraschnewski JL, Sciamanna CN, Stuckey HL, Chuang CH, Lehman EB,
Hwang KO, et al. A silent response to the obesity epidemic: decline in
US physician weight counseling. Med Care. 2013;51:186–92.
6. Wee CC, McCarthy EP, Davis RB, Phillips RS. Physician counseling about
exercise. JAMA. 1999;282:1583–8.
7. Thorndike AN, Ferris TG, Stafford RS, Rigotti NA. Rates of U.S. physicians
counseling adolescents about smoking. J Natl Cancer Inst. 1999;91:1857–62.
8. Fouwels AJ, Bredie SJH, Wollersheim H, Schippers GM. A retrospective
cohort study on lifestyle habits of cardiovascular patients: how informative
are medical records? BMC Health Serv Res. 2009;9:59.
9. Den Danske Kvalitetsmodel. Akkrediteringsstandarder for Sygehuse: 1. Version.
2nd ed. Aarhus: Institut for Kvalitet og Akkreditering i Sundhedsvæsenet; 2011.
10. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register.
Scand J Public Health. 2011;39(7 Suppl):30–3.
11. Inddragelse af fysisk inaktivitet og uhensigtsmæssig kost samt rygning og
alkohol som risikofaktorer i patientregistreringen. Process rapport for
Sundhedsstyrelsens projekt PRIK. Udarbejdet for Sundhedstyrelsen af Klinisk
enhed for sygdomsforebyggelse/WHO collaborating Centre for evidence-
based health promotion in hospitals. Bispebjerg 2009.
12. Christensen AI, Davidsen M, Ekholm O, Pedersen PV, Juel K. Danskernes
Sundhed. Den Nationale Sundhedsprofil 2013. København:
Sundhedsstyrelsen, Copenhagen, Denmark; 2014.
13. Schmidt M, Johannesdottir SA, Lemeshow S, Lash TL, Ulrichsen SP, Bøtker
HE, et al. Obesity in young men, and individual and combined risks of type
2 diabetes, cardiovascular morbidity and death before 55 years of age: a
Danish 33-year follow-up study. BMJ Open. 2013;3.
14. Thomsen RW, Nielsen RB, Nørgaard M, Horsdal HT, Stürmer T, Larsen FB, et al.
Lifestyle profile among statin users. Epidemiol. 2013;24:619–20.
15. Kornum JB, Due KM, Nørgaard M, Tjønneland A, Overvad K, Sørensen HT,
et al. Alcohol drinking and risk of subsequent hospitalisation with
pneumonia. Eur Respir J. 2012;39:149–55.
16. Larsen FB, Friis K, Lasgaard M, Pedersen MH, Sørensen JB, Jacobsen LMA,
et al. Hvordan har du det? 2013. Sundhedsprofil for region og kommuner -
Bind 1. Aarhus: CFK - Folkesundhed og Kvalitetsudvikling; 2014.
17. Christensen AI, Ekholm O, Glumer C, Andreasen AH, Hvidberg MF,
Kristensen PL, et al. The Danish National Health Survey 2010. Study
design and respondent characteristics. Scand J Public Health.
2012;40:391–7.
18. Thomsen RW, Nielsen JS, Ulrichsen SP, Pedersen L, Hansen A-MS, Nilsson T.
The Danish Centre for Strategic Research in Type 2 Diabetes (DD2) study:
Collection of baseline data from the first 580 patients. Clin Epidemiol.
2012;4:43–8.
19. Tøttenborg SS, Thomsen RW, Nielsen H, Johnsen SP, Frausing Hansen E,
Lange P. Improving quality of care among COPD outpatients in Denmark
2008–2011. Clin Respir J. 2013;7:319–27.
20. Tomba E. Assessment of lifestyle in relation to health. Adv Psychosom Med.
2012;32:72–96.
21. Knox SA, Harrison CM, Britt HC, Henderson JV. Estimating prevalence of common
chronic morbidities in Australia. Med J Aust. 2008;189:66–70.
22. Kottke TE, Solberg LI, Brekke ML, Cabrera A, Marquez M. Will patient satisfaction
set the preventive services implementation agenda? Am J Prev Med.
1997;13:309–16.
23. Mainz J. Defining and classifying clinical indicators for quality improvement.
Int J Qual Health Care. 2003;15:523–30.
24. Regionernes Kliniske Kvalitetsudviklingsprogram (RKKP). http://www.rkkp.dk/.
Accessed August 20 2015.
25. Thomsen RW, Friborg S, Nielsen JS, Schroll H, Johnsen SP. The Danish Centre
for Strategic Research in Type 2 Diabetes (DD2): organization of diabetes care
in Denmark and supplementary data sources for data collection among DD2
study participants. Clin Epidemiol. 2012;4 Suppl 1:15–9.
26. Wildenschild C, Mehnert F, Wernich Thomsen R, Klingenberg Iversen H,
Vestergaard K, Ingeman A, et al. Registration of acute stroke: validity in
the Danish stroke registry and the Danish national registry of patients.
Clin Epidemiol. 2013;6:27–36.
Søgaard et al. BMC Public Health  (2015) 15:1320 Page 6 of 6
